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Abstract 
Artificial nestinJ structures are currently beinJ used by various 
agencies to offset the decline in waterfa,;l production due to predation 
losses arrl degradation of nestinJ habitats. Ha,;ever, the various 
structure types available are not equally attractive to nestinJ 
waterfa,;l. 'l'his study looked at 3 types of artificial nesting 
structures-open toppe1 cone baskets, rourrl hay bales, arrl concrete 
culverts-arrl evaluated their use, success, arrl production in 
South Dakota. Structure type arrl site characteristics were correlated to 
occupancy rates arrl nesting success. Sixty-eight baskets arrl 205 bales 
were monitored durinJ 1986, arrl 154 baskets, 200 bales, arrl 20 culverts 
were monitored in 1987. 
A total of 239 waterfa,;l nests were fourrl for lx>th years 
combined. Fri.nary nestinJ species were nallards (Anas platyrhynchos), 
redheads (Aythya americana), arrl giant canada geese (Branta canadensis). 
Occupancy rates averaged 24.0%, 45.7%, arrl 15.0% for baskets, bales, arrl 
culverts, respectively. Nesting success averaged 69.5%, 35.8% arrl 66. 7% 
for baskets, bales, ani culverts, respectively. Prcx:luction of young 
averaged 1.08, 0. 81, ani 0.85 young/structure for baskets, bales, arrl 
culverts, respectively. Structure arrl site characteristics fourrl to be 
significant (P < 0.05) included structure a!l:Jle, water depth, distances 
to shore, open water, ani closest structure, percentages of sunuurrling 
Viii 
plant species, plant species coverage within the wetlarrl basin, and 
surroon:lirg larrl use. 
When carpared with uplarrl nestin3 studies, artificial nestin3' 
structures shCMErl nesti.n;J success rates of 2-4 ti.Joos greater. With 
better kna.vle1ge of preferre::1 structure types arrl site characteristics, 
it may be possible to increase occupancy rates, thereby increasirB 
waterfc:Ml numbers, at least on a local level. 
ix 
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INTRODUCTION 
Continuous concern for our nation's poor waterfowl 
production reminds us of the importance of secure nesting 
sites. The production area of primary concern in North 
America is the Prairie Pothole Region of the United States 
and Canada where, historically, the highest breeding 
densities of both dabbling and diving ducks have occurred. 
Though this area comprises only 10% of the total continental 
breeding area, 50% of the fall flight is produced here 
(Smith et al. 1964). Yet due to increased agriculture, 
wetland drainage, and population and industrial expansion, 
less than 50% of our original wetlands remain (Tiner 1984). 
Tiner (1984) estimated that Montana, North and South Dakota 
had a combined loss of 47% of their original wetland acreage 
by the mid 1970's. These percentages are undoubtedly larger 
today. Continuous loss of habitat not only reduces the area 
available for breeding, nesting, and brood rearing, it may 
concentrate predators onto many remaining areas that are 
managed specifically for waterfowl production. 
Predation and intensive agricultural practices have 
both had major impacts on upland nesting success of ducks, 
especially in the Prairie Pothole Region. On North Dakota 
farmlands, Doty et al. (1975) and Higgins (1977) reported an 
average upland nesting success for a variety of duck species 
to be 30% and 25%, respectively. Mallards (Anas 
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platyrhynchos) in North Dakota were found to have a nesting 
success of 29% (Johnson et al. 1978) , 20% (Lee 1982) , and as 
low as 8% (Cowardin et al. 1985) . Cowardin et al. (1985) 
have suggested that a nest success rate (Mayfield) of 15% 
and a hen success rate (a function of nest success and 
renesting rate) of 31% would be necessary for a North Dakota 
mallard population to remain stable . 
As suitable habitat decreases and as pressure 
continues from the public to provide huntable numbers of 
ducks from our nation's remaining wetlands, it is important 
for managed areas to be as productive as possible. 
Many methods have been used to improve waterfowl 
nesting success in the Prairie Pothole Region, including 
predator control through trapping, baiting, and shooting 
(Balser et al. 1968, Duebbert and Kantrud 1974, Trautman et 
al. 1974, Duebbert and Lokernoen 1980) , electric fence 
installation (Lokemoen et al. 1982) , island construction 
(Hammond and Mann 1956, Johnson et al. 1978, Giroux 1981, 
Giroux et al. 1982) , plantings of dense nesting cover 
(Duebbert and Lokemoen 1976, Klett et al. 1984) , and 
installation of artificial nesting structures (Lee et al. 
1967, Doty 1979, Johnson et al. 1985) . All methods have 
been found to be effective, yet individual practices can be 
controversial as well as expensive (Lokemoen 1984) . 
Artificial nesting structures are being re­
emphasized because of the present plight of the continental 
3 
waterfowl population. The use of artificial nesting 
structures for waterfowl began in the Netherlands, Denmark 
and Great Britain during the 1600's and 1700's (Burger and 
Webster 1964, Doty et al. 1975) . The first European woven 
basket design was brought to the Delta Waterfowl Research 
Center, Manitoba, Canada, in the early 1950's. Since that 
time considerable research on waterfowl use of artificial 
nesting structures has occurred in the United States and 
Canada. There has been a large variety of artificial 
nesting structures designed specifically for mallards (Lee 
et al. 1967, Bishop and Barratt 1970, Doty 1979, Higgins et 
al. 1986, Marcy 1986) , however, other species such as blue­
winged teal (Anas discors) , gadwalls (Anas strepera) , 
northern pintails (Anas acuta) , redheads (Aythya americana) , 
canvasbacks (Aythya valisineria) , and Canada geese (Branta 
canadensis) will nest on these structures as well. Most of 
these studies showed a significant increase in nesting 
success as compared with upland nesting areas. 
Nesting structures also allow for immediate entry of 
newly-hatched ducklings into wetlands without the necessity 
of overland travel that occurs for upland nests. Broods are 
the most vulnerable to predation on such long distance 
travels during their first 2 weeks of life (Ball et al. 
1975) . Thus, nesting structures can be an important factor 
in duckling survival. 
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Although waterfowl nesting success is usually quite 
high on structures, all nesting structure designs are not 
equally attractive to nesting ducks and occupancy rates are 
usually low (Lee et al. 1967, Sidle and Arnold 1982). Site 
and placement characteristics apparently influence waterfowl 
use of structures (Bishop and Barratt 1970). 
Thus, if waterfowl occupancy rates of nesting 
structures could be increased by changes in structure design 
or site selection, and if higher occupancy rates could be 
coupled with the high nest success and the homing behavior 
of ducks (Bellrose et al. 1964, Doty and Lee 1974, Lee and 
Kruse 1973, Bishop et al. 1978), artificial nesting 
structures may provide greater potential for increasing 
local duck production in South Dakota and the Prairie 
Pothole Region. Though artificial nesting structures are 
not the sole answer to increasing the continental duck 
numbers, they may serve as a reasonable and economical 
method (Lokemoen 198 4), as well as one available to both 
public and private groups. 
The objectives of this study were (1) to determine 
waterfowl use, success, and production among three different 
kinds of artificial nesting structures and (2) to determine 
waterfowl use of artificial nesting structures in less 
intensive and more intensive agricultural areas in the 
Prairie Pothole Region of South Dakota. 
STUDY AREA 
Structures were installed in natural water bodies, 
including streams, bays of large lakes, and potholes on 37 
Waterfowl Production Areas (WPA), 27 Game Production Areas 
(GPA), and 2 National Wildlife Refuges (NWR) in 15 counties 
in eastern and north-central South Dakota (Figure 1). 
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Marshes were classified as temporary, seasonal, 
semipermanent, or permanent type wetlands (Stewart and 
Kantrud 1971). Marsh sizes ranged from 0.4 ha (0. 94 ac) to 
38 4. 6 ha (950 ac), averaging 40.9 ha (100.9 ac), and were 
determined from Resource Inventory Procedure cards or aerial 
maps using the Modified Acreage Grid method (Bryan 1943). 
Dominant emergent wetland vegetation included 
cattails (Typha spp.), bulrushes (Scirpus spp.), sedges 
(Carex spp.), whitetop (Scolochloa festucacea), smartweed 
(Polygonum spp. ), common burreed (Sparganium eurycarpum), 
and spike rushes (Eleocharis spp.). 
Land use patterns in the study area involved 
primarily cropland and pastureland. The eastern portion of 
my study area, which coincided with the Prairie Coteau 
region, supported the farming of grain and row crops. The 
north-central portion coincided with the Missouri Coteau 
region. The rougher terrain and drier climate make this 
region better suited for grazing. Individual wetlands were 
surrounded by varying intensities of these practices. 
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Location of study area in eastern ( light gray, 1987) and north-central (dRrk gray, 1986 and 1987) South Dakota. 
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Temperatures show marked extremes between seasons in 
South Dakota. Average January temperatures range from -12 
to -7 C (10 to 20 F) in the northern part to -7 to -4 C (20 
to 24 F) in the southern part. Summers are warm with 
average July temperatures reaching 18 to 21 c (65 to 70 F) 
along the northern portion of the state and 21 to 24 C (70 
to 75 F) in the remainder of the state. The growing season 
lasts from 120 to 170 days. Precipitation is light, 
averaging 460-660 mm (18 to 26 in) in the eastern half of 
the state. For this study, temperatures were averaged from 
6 weather stations within my study area. July temperatures 
on my study area in 1986 averaged 23 c (73.3 F) with an 
average precipitation of 83 mm (3. 31 in) for the month. 
July temperatures in 1987 were warmer, averaging 24 C (75.8 
F) and precipitation was less, averaging 78 mm (3.13 in) for 
the month. Weather reports were collected from stations in 
Eureka, Aberdeen, Columbia, Leola, Waubay NWR, and Brookings 
each year from the Climatological Data reports for South 
Dakota. 
METHODS AND MATERIALS 
Aerial breeding population surveys (Henry et al. 
1972) were conducted annually on 10 May by the U. S. Fish and 
Wildlife Service (USFWS) . Data were obtained for the 21 km 
long, 0. 2 km wide (13 mi long, 1/8 mi wide) Hosmer Transect 
in South Dakota for 1985-1987. 
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During the 1986 and 1987 waterfowl nesting seasons, 
I monitored 112 wire (66 cm.or 26 in diameter) and 110 
fiberglass (74 cm or 29 in diameter) open-topped baskets 
(includes 12 fiberglass tubs) (Messmer et al. 1986a) , 405 
round straw bales (approximately 1. 2 m x 1.5 m or 4 ft x 5 
ft) comprised of wetland emergents (n=330) ,  prairie grasses 
(n=53) , and flax straw (n=22) (Messmer et al. 1986b) , and 18 
concrete (1.8 m x 76 cm x 0. 9 m or 6 ft x 30 in x 3 in) 
(Higgins et al. 1986) and 2 metal culverts (1 . 8  m x 61 cm or 
6 ft x 24 in) for waterfowl use and nesting success 
(Table 1) (Figures 2-4) . 
Structure Installation 
Due to variable cost and availability, structures 
were installed in unequal numbers and densities. Prior to 
this study 34 wire baskets were installed at Sand Lake NWR 
and a single wire basket was installed in a GPA during 1985. 
Since use of these baskets was minimal, they were 
incorporated into this study during 1986 and 1987, 
respectively. In 1986 22 wire baskets, 8 fiberglass tubs, 
and 205 bales were installed. Also in June of 1986, 4 
fiberglass baskets were installed on a GPA. In 1987, 130 
additional structures were installed (90 fiberglass 
baskets, 20 flax bales, and 18 concrete and 2 metal 
culverts) . 
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Table 1. Number of structure types and nesting materials 
available during 1986 and 1987. 
YEAR 
1986 
1987 
STRUCTURE 
TYPE 
Basket 
Wire 
Fiberglass 
Tub 
Bale 
Basket 
Wire 
Fiberglass 
Tub 
Bale 
Culvert 
Concrete 
Metal 
Flax 
Straw 
56 
0 
0 
1 
56 
94 
0 
21 
18* 
2* 
NESTING MATERIAL 
Prairie Wetland 
Grass 
0 
4 
8 
29 
0 
0 
4 
24 
0 
0 
Emergent 
0 
0 
0 
175 
0 
0 
0 
155 
0 
0 
* Wheat straw was initially provided on culverts. After 
this blew away culverts were replaced with flax straw 
in early spring. 
Figure 2. Open-topped fiberglass basket filled with fl�x straw. 
0 
Figure 3. Round bale comprised of cattail veeetation. 
Figure 4. 
. ' 
Concrete culvert with seeded vegetation. 
I'\> 
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All structures were placed on or through the ice 
during winter for easier installation (Messmer et al. 1986a, 
Messmer et al. 1986b, Barnard 198 4). General procedures for 
the installation of baskets have been described by Messmer 
et al. (1986a) and for bales and culverts by Messmer et al. 
(1986b) and Haworth and Higgins (1987), respectively. 
Structure Nesting Materials 
All baskets were filled with flax straw except in 16 
instances where prairie grass was used (Table 1). The 
majority of bales consisted of a mixture of cattails, sedges 
and whitetop vegetation (n=330), but some bales were made of 
prairie grasses (n=53), or flax straw (n=22). All bales 
were bound with twine and secured with plastic or metal 
bands . All culverts (n=20) were first filled with sand and 
gravel, and then topped with soil mixed with wheat or flax 
straw. The culverts also received a seeding of intermediate 
wheatgrass (Agropyron intermedium), tall wheatgrass 
(Agropyron elongatum) and alfalfa (Medicago sativa) to 
facilitate natural plant growth for nesting material in 
subsequent years. Prior to each nesting season, basket 
nesting material was checked and replenished if necessary. 
Structure Placement Variables 
Structure placement variables were recorded annually 
during March through July. In March and April wetlands were 
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classified (Stewart and Kantrud 1971) and the number of each 
structure type and total structures were recorded per 
wetland. 
Data collected at individual structures included 
structure type, year of installation, kind and condition of 
nesting material, and overall condition of the structure at 
the beginning of each nesting season. Condition was defined 
as either (1) excellent (structure intact, vertical, plenty 
of nesting material) , (2) good (structure retains basic 
shape but material is beginning to pull apart, vertical or 
slightly tilted, nesting material available) , and (3) poor 
(structure falling apart, tilted, majority of nesting 
material gone, or unusable) . The angle of each structure 
was visually estimated at 0-90 degrees; O degrees being 
horizontal and 90 degrees being vertical. Water depth at 
each structure was measured to the nearest 2.5 cm (1 in) . 
Height of the nest area above water was measured as the 
distance to the nearest 2.5 cm (1 in) from the water surface 
to the bottom of baskets and to the top of bales and 
culverts. For each structure, height of residual vegetation 
within a 1.8 m (6 ft) radius above the top of the structure 
was measured to the nearest 2. 5 cm (1 in) , and distances to 
shore, open water, and emergent cover were measured to the 
nearest 0. 3 m (1 ft) annually prior to nesting. Distances 
between closest structures were also measured to the nearest 
0. 3 m (1  ft) throughout each summer. 
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Percentages of area coverage of emergent plant 
species in each wetland were visually estimated by the 
Releve method (Mueller-Dombois and Ellenberg 1974) in July. 
Only plant species comprising 5% or more of a wetland basin 
were considered for estimation. Also in July, the height 
of new vegetative growth above the nesting structure was 
measured to the nearest 2. 5 cm (1 in) each year. A visual 
estimate of cover percentage by plant species was made 
within a 1. 8 m (6 ft) radius of each structure. All height 
and distance measurements were taken with a 1.8 m (6 ft) 
collapsible engineer's ruler and a 50 or 100 m (165 or 325 
ft) measuring tape. 
During each summer, surrounding land use percentages 
were visually estimated within a 1.6 km (1 mi) radius of 
each wetland and were classified as tilled, idled, or grazed 
acreage . 
Evaluation Of Structure Use and Nesting Success By Waterfowl 
All structures were checked 3 times annually during 
the months of May, June, and July for evidence of waterfowl 
nesting activities (Klett et al. 1986). A mirror was used 
to aid observations on tall structures (Parker 1972) (Figure 
5) 
A structure was recorded as used when it contained 
at least 1 egg or when the remains of a terminated nest were 
found in a scrape or bowl formation. Information collected 
:,. 
�·,� ' 
' 
Figure 5. Use o f  a mirror to aid in monitoring 
artificial nesting structures. 
Q'"\ 
at all nests included bird species, nest status, number of 
eggs, stage of incubation as determined with the use of a 
candler (Weller 1956), nest fate, cause of loss, and signs 
of parasitism. 
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A nest was considered successful if at least 1 egg 
had hatched in a clutch. Feathers, eggs, and shells were 
removed after each nesting attempt to eliminate overlap of 
evidence between nesting attempts on individual structures. 
Because I was able to account for all nests, nesting success 
was calculated by dividing the number of successful nests by 
the total number of nests found. 
Egg Hatchability 
Percent hatchability of eggs in completed clutches 
was calculated by dividing the number of eggs hatched by the 
total number of eggs found in successful nests and 
multiplying by 100. 
Multiple Use Of Structures 
Multiple use, or use of a structure in the same 
season by more than one nesting hen, affected occupancy 
rates. When the total number of nests found was divided by 
the number of structures available, the occupancy rate was 
higher than if each structure was considered used only once, 
regardless of the number of nests found on it. 
18 
For example, if a total of 4 nests are found on 5 separate 
structures, occupancy rates could be considered as 80% 
(4/5) . However, if 2 of the 4 clutches were layed on one 
structure, the occupancy rate of the structures would be 60% 
(3/5) . Because of this difference, both ways of determining 
occupancy rates of structures were calculated for 
comparative purposes. 
Statistical Analysis 
Data analysis involved stepwise discriminant, 
analysis of varience, and chi-square analyses (SAS 1985). 
Continuous variables (33) were analyzed using stepwise 
discriminant analysis to determine statistically significant 
independent variables. The variables of statistical 
significance were then subjected to analysis of variance to 
determine the statistically significant interactions among 
variables. 
Tests of independence in 2-way contingency tables 
were used to determine disproportionate use or success, if 
any, of all variables. 
Although probability values of 0. 005, 0. 01, and 0. 10 
occur in the text, 0. 05 serves as the level of significance 
for statistical differences. 
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RESULTS AND DISSCUSSION 
waterfowl Populations 
The Hosmer air-ground transect bisected the northern 
portion of my study area. Waterfowl population composition 
was determined from this transect (Table 2) . In 1986 a 
total population of 920 mallards, gadwalls, American wigeon 
(Anas americana) , green-winged teal (Anas crecca) , blue­
winged teal, northern shovelers (Anas clypeata) , northern 
pintails, redheads, canvasbacks, lesser scaups (Aythya 
affinis) , ring-necked ducks (Aythya collaris) , and ruddy 
ducks (Oxyura jamaicensis) , and 58 American coots (Fulica 
americana) were counted on the Hosmer transect in comparison 
to a 1987 population of 995 ducks and 269 coots. 
Composition of species that nested on structures was 
different from what occurred on the study area as a whole as 
determined from breeding pair counts (Table 2) . The 
composition differences were similar for both 1986 and 1987. 
Nesting on structures by mallards, redheads and ruddy ducks 
occurred in proportions greater than their proportions of 
total ducks. In contrast, blue-winged teal, northern 
shovelers, and northern pintails showed little or no use of 
structures although they represented a large proportion of 
the duck population as a whole. Lee et al. (1967) and 
Bishop and Barratt (1970) have also found that mallards were 
Table 2. Comparison of species composition of waterfowl on 
a sampling transect in the study area and species 
composition of waterfowl using artificial nesting 
structures during 1986 and 1987. 
SPECIES 
Mallard 
Gadwall 
Am.Wigeon 
Blue-w. Teal 
Green-w. Teal 
N.Shoveler 
N.Pintail 
Redhead 
Canvasback 
L. Scaup 
NUMBER AND (% COMPOSITION) 
ON STUDY AREA 
1986 1987 
76 ( 8. 3) 100 (10. 1) 
44 ( 4. 8) 72 ( 7. 2) 
2 ( 0. 2) 6 (0.6) 
497 (54.0) 472 (47. 4) 
2 ( 0. 2) 12 ( 1. 2) 
154 (16.7) 141 (14. 2) 
128 (13. 9) 102 (10. 3) 
7 (0. 8) 40 (4. 0) 
0 (0.0) 14 ( 1. 4) 
6 ( 0. 7) 9 (0. 9) 
Ring-necked Duck 0 (0. 0) 2 ( 0. 2) 
Ruddy Duck 4 ( 0. 4) 25 ( 2. 5) 
Unknown Duck 
species 0 0 
Total 920 995 
Coot 58 (5. 9) 269 (21. 3) 
C.Goose 
% COMPOSITION ON 
NESTING STRUCTURES 
1986 1987 
43. 0 40.2 
4.4 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
3.5 0.8 
o.o 0.8 
31. 6 28.3 
o.o 0. 0 
0. 0 1. 6 
o.o 0.0 
2. 6 8. 7 
2.6 0.0 
0. 9 0.8 
1 1. 4 18.9 
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the primary nesting species using baskets, while redheads, 
blue-winged teal, gadwalls, northern pintails, and Canada 
geese were occasional users of baskets. The overwater 
nesting by mallards appears to be more common (Krapu et al . 
1979, Cowardin et al. 1985) than originally thought, and it 
also shows their ability to adapt to various habitat types . 
Overwater nesting by redheads and ruddy ducks is typical for 
these species and one might expect some selection of 
structures, especially the more natural appearing bales, by 
these species in the aquatic environment. 
Numbers of breeding pairs and size of waterfowl 
populations can vary due to the amount of water available 
throughout the nesting season. Krapu et al. (1983) 
determined that breeding populations vary with the abundance 
of ponds available and that populations tend to increase in 
years of high water. In 1985 only 16 ponds on my study area 
contained water, in comparison with 125 in 1986 and 73 in 
1987. The increase in the 1987 breeding pair population 
(Table 2) after one wet year on my study area gives support 
to this concept. Although the population was up in 1987, a 
drier year, a smaller percentage of the population nested on 
the structures. Bishop and Barratt (1970) found that water 
conditions can affect the amount of waterfowl nesting in 
baskets . They found less use of baskets during the wet 
spring of 1969 although the mallard breeding population was 
up slightly from the previous year. 
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Nest Initiation 
Temperature not only affects the arrival dates of 
various waterfowl species onto their breeding grounds, it 
influences the dates of nest initiation (Sowls 1955). Early 
nes�ing waterfowl usually arrive on South Dakota breeding 
grounds in March and nesting commences in early April. 
In the spring of 1986, daily March temperatures, as 
averaged from 6 stations within my study area, averaged 1 c 
(34 . 5  F) or 4. 0 c (7. 3 F) above normal with near normal 
precipitation [4 mm (0. 2 in) below normal). April 
temperatures, however, averaged 7 C (43.9 F) or 0.3 C (0 . 6  
F) below normal and total precipitation averaged 168 mm (6. 7 
in) [123 mm (4.9 in) above normal) (NOAA 1986). 
The earliest nest initiation on structures in 1986 
was 8 April for a Canada goose and 15 April for a mallard. 
The latest nest initiation was by a ruddy duck which 
successfully hatched by the third week of August. 
Average temperatures during March 1987 were similar 
to the previous year's. Daily temperatures averaged -0.2 C 
(31.7 F) or 2.5 c (4.5 F) above normal; however, 
precipitation was 26 mm (1.03 in) above normal for the 
month. Daily temperatures for April 1987 were much warmer 
than in 1986. They averaged 11 C (52. 0 F) which was 4. 3 c 
(7. 7 F) above normal, however, total precipitation was a 
minimal 5 mm (0.2 in), 45 mm (1.8 in) below normal (NOAA 
1987) . 
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In 1987 the earliest goose nest found on a structure 
was initiated on 9 April and the first mallard nest was 
initiated on 13 April. The latest nest initiation was by a 
ruddy duck which completed nesting by 30 July. 
Though known initiation dates for first nests were 
not greatly different between years, the peaks of nest 
initiation for the three primary nesting species occurred 
earlier in 1987 than in 1986 in the portion of my study area 
monitored both years. In 1987 Canada geese had initiated 
93.8% {n=l6) of their nests by 30 April in comparison to 50% 
(n=8) in 1986. Mallards in 1986 had initiated 75.7% {n=37) 
by 30 May compared with 8 4.6% (n=26) in 1987. Redheads had 
initiated 47.1% (n=l7) of their 1986 nests by 30 May in 
comparison to 94.7% {n=l9) in 1987. 
Nest initiation dates can affect nesting success. 
overall nesting success by initiation dates for all nesting 
species between years just missed significance at the 0.05 
level (38.3% of 115 nests successful vs. 47.7% of 128 nests 
successful, vs. 49.6% predated vs. 34.4% predated, vs. 12.2% 
unsuccessful by other means vs. 18.0% unsuccessful by other 
means, x2=5.94, df=2, 1986 and 1987, respectively). In 
1986, nests were more likely to be successful if the 
initiation date was prior to 30 June (x2= 10.80, df=l, P < 
0.005) or the termination date was by 30 June (x2= 4.85, 
df=l). This comparison in 1987 was not possible since most 
nesting was completed by 30 June. Livezey (198 1) found in 
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Wisconsin that nests initiated in retired croplands in May 
had the highest survival (17%) compared to 7% of those 
initiated in June and 13% in July. He concluded that young 
raccoons (Procyon lotor) were destroying a higher percentage 
of nests in June than in July when fewer nests had begun. 
In my study, raccoons were the primary nest predator as 
well. Because of earlier nesting peaks in 1987, more nests, 
especially those on bales, may have escaped young marauding 
raccoons resulting in a higher success rate. 
Though the cold April temperatures during nest 
initiation in 1986 did not appear to affect overall nest 
success, 2 incidences of cracked eggs in Canada goose nests 
occurred in baskets. The only cracked eggs found in 1987 
were either late in the season when cool temperatures would 
not be a factor or where there were signs of intra- or 
interspecific nest parasitism. 
Bishop and Barratt (l970) reported finding frozen 
duck eggs in baskets. Doty et al. (1975) found temperatures 
next to baskets approximated the fluctuating air 
temperatures while temperatures at ground nest sites 
paralleled the more stable soil temperatures. Eggs with 
cracks in their shells can survive freezing temperatures as 
long as the membrane remains intact (Greenwood 1969) . 
However, egg loss could be extensive with prolonged cold 
temperatures during the egg laying period, especially in 
elevated nesting sites. 
25 
I found no incidence of cracked or frozen eggs on 
bales during this same period in 1986. Bales, probably 
offer more protection against the effects of fluctuating air 
temperatures than do baskets. 
Waterfowl Production On Baskets 
During 1986 and 1987, a total of 51 ducks and Canada 
geese nested on 222 cone-type nesting baskets (Table 3) . 
Percent use and nesting success by ducks and geese on 
baskets were not significantly different (P > 0.05) between 
years (26. 5% vs. 21.4%) , (72 . 2% vs. 66.7%) respectively . 
Duck use averaged 17.4% (n=37) and was comprised of 86 . 5% 
(n=32) mallards, 10.8% (n=4) redheads, and 2.7% (n=l) 
northern shovelers. Canada geese occupancy rates averaged 
6.6% (n=l4) of the baskets. 
Occupancy rates were compared between years for that 
portion of the study area on which the same baskets were 
monitored for both years. Occupancy rates increased from 
19.1% of 68 baskets in 1986 to 23. 8% of 63 baskets in 1987 
for ducks and from 7.4% to 9. 5% for geese. With ducks and 
geese combined, occupancy rates increased from 26.4% to 
33.0%. Others have also reported yearly increases in 
structure use after installation. In Iowa, Bishop and 
Barratt (1970) found duck use of baskets increased from 17% 
in the first year to 28% in the second year . In North 
Dakota, Lee (1982) reported an increase in basket use 
'Ili:lle 3. B:s<Et:. lB:! a"d � sn::e:s cy clrks a"d C. g:e:E in 1936 cl"d N37 (1936 n=68, N37 n=l.54, a:rtbirm n=e22). 
ID. tE3lB & ID. mICHD() am � 
1936 N37 1936 1$7 1936 1$7 1936 N37 
Millard 10 Z2 70 (7) 64 (14) 14.7 14.3 81.5 93.1 
3 1 67 (2) o.o 4.4 0.6 ffJ.7 
N.Su..e1£r 0 1 - 0.0 0.0 0.6 
sJ:b:tal 13 24 eJ.2(9) �-3(14) 19.1 15.6 82.7 93.1 
� 63.8 17.4 87.4 
C.g:e:E 5 9 00.0(4) 88.9(8) 7.4 5.8 100 83.3 
� 84.5 6.6 91.7 
'IDrnL 18 33 72.2(13) 66. 7(Z2) 26.5 21.4 83.8 92.5 
A� 69.5 24.0 88.2 
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from 44% to 69% in 1966 and 1967, respectively. In 
Pennsylvania, Brenner and Mondok (1979) found use of nesting 
rafts by waterfowl increased from 4 5% in 1976 to 56% in 1977 
and to 62% in 1978. In Colorado Will and Crawford (1970) 
found 59% use of 186 structures by Canada geese in 1967 
which increased to 68% of 201 available structures in 1968. 
Nesting success on my baskets averaged 63. 8% for 
ducks and 84. 5% for geese. Fates of the 14 unsuccessful 
duck nests were attributed as 21. 4% abandoned, 50. 0% 
destroyed, 21. 4% nonviable, and 7. 1% unknown. For ducks and 
geese combined, the percentage use and nesting success on 
baskets averaged 24.0% and 69. 5%, respectively (Table 3) . 
Waterfowl use and nesting success on baskets in this 
study are comparable to rates reported by others . Doty 
(1979) found an average of 25% use and 70% nesting success 
by ducks on 10 open topped wire baskets during 1974-77 in 
North Dakota. In another study, Doty et al. (1975) found 
37. 8% use and 83% nesting success by ducks on 1, 038 baskets 
in the Prairie Pothole Region of North and South Dakota 
during 1966-1968. In Iowa, Bishop and Barratt (1970) 
reported an average of 33% use and a nest success rate of 
87% during a 6 year duck study. Canada geese also 
successfully nested in 2 structures. Will and Crawford 
(1970) reported 75% nesting success for 79 goose nests in 
elevated, single pole structures during 1967-68 in Colorado. 
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Egg hatchability 
Hatchability for 187 eggs in successful clutches in 
baskets during 1986 and 1987 averaged 88. 2% (87. 9% for 176 
duck and 91.7% for 11 goose eggs) (Table 3). These rates 
are �omparable to hatchability rates found by others in 
baskets and tubs. Bishop and Barratt (1970) reported that 
egg hatchability averaged 86% and ranged from 80-89% in nest 
baskets in Iowa. Doty et al. (1975) found a significant 
difference (P < 0.05) in egg hatchability rates in baskets 
between a disturbed area (84%), where nests were checked 
repeatedly, and an undisturbed area (95%) where nests were 
checked after the season. In Missouri, Brakhage (1966) 
found 73% egg hatchability rates for successful Canada goose 
nests in tub structures. 
Effects of structure placement 
Site and placement characteristics can affect 
occupancy rates of structures (Bishop and Barratt 1970). Of 
the 33 variables tested by stepwise discriminant analysis, 
17 (water depth, structure angle, distances to shore, open 
water and closest structure, vegetation height above 
structure by both residual and new growth, percentages of 
water and bulrush spp. around the structure, percent 
coverage by water, river bulrush (Scirpus fluviatilis), 
whitetop, sedges, smartweed, and "other" (upland plant 
species) in the wetland and the percent tilled and grazed 
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grassland acreage within 1.6 km (1 mi) radius of the 
wetland) indicated significance (P < 0.05) in influencing 
basket use by ducks and geese. Five variables (water depth, 
new vegetation height above the structure, percent coverage 
of water and river bulrush in the wetland, and the percent 
of grazed grassland acreage within a 1. 6 km (1 mi) radius of 
the wetland) of the 17 significant variables mentioned above 
also indicated significance (P < 0.05) in influencing basket 
use when tested by analysis of varience. Analysis of 
variance indicates that interactions between these 5 
variables explain the use of baskets more than when they are 
considered individually. 
In this study, basket use by nesting waterfowl was 
influenced by several variables. Water depth at the 
structure was an important variable both individually and 
with analysis of variance (F=6. 89) . Tests with 2-way 
contingency tables showed significant (P < 0. 005) 
differential use; more baskets were used when placed in 
water depths of 0.9-1. 7 m than in water between o.o-o.a m 
deep (32.6% of 95 vs. 16.3% of 129, x2=8.21, df=l) . This 
depth range of 0. 9-1. 7 meters corresponds to the water depth 
of 0. 9 m (3 ft) recommended by Lee et al. (1967) , Messmer et 
al. ( 1986a) , and Lee ( 1982) . Messmer et al. ( 1986b) also 
suggested placing structures in at least 0. 3 m (1 ft) of 
water for geese. However, Doty et al. (1975) with ducks, 
and Brakhage (1966) with geese, found no relationship 
between use and depth of water. 
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Though significant differences (P < 0. 05) were found 
by stepwise discriminant analysis for structure angle, 
distance to shore, distance to open water, and distance to 
closest structure as factors influencing use, differential 
use was not indicated with 2-way contingency tables. 
However, of the 51 baskets used, 100% were in an upright 
position between 87 and 90 degree angles, 66.7% were between 
21 and 60 m from shore, 96% were located in open water, and 
62.7% were between 28 and 200 m from the next closest 
structure (the closest distance between two simultaneously 
occupied baskets was 125 m) . Though Doty et al. (1975) 
found no relationship between waterfowl use or nesting 
success and distance to shore, others have recommended 
placing structures no less than 3 m (10 ft) (Lee 1982) , or 
in the range of 22-36.5 m (24-40 yd) (Lee et al. 1967) , or 
27-274 m (30-300 yd) from shore (Marcy 1986) . 
The height of the basket above water and its 
relation to waterfowl use and success was not significant (P 
> 0.05) as determined by stepwise discriminant analysis. 
This is supported by Doty et al. (1975) . However, they 
recommended a distance of 1 m above the water surface. In 
this study, though the height of the basket above water was 
not a statistically significant factor in influencing use, 
differential use was found. More baskets were used between 
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0 . 1-0.5 m (33.9% of 56) above water than at 0.6-1 . 0  m (20.7% 
of 140) or at 1.0-2. 0  m (14.3% of 28) above water (x2= 5 . 35, 
df=2, P < 0. 10). Stroupher (1974) suggested that if the 
water level does not fluctuate, only 0 , 3  m (1 ft) is needed 
between the basket and the water surface. In studies where 
the water level has fluctuated, the suggested distances 
above the water surface have ranged from 46 cm (18 in) to 1 
m (Doty 1979, Bishop and Barratt 1970, Lee 1982, Messmer et 
al . 1986a and Lee et al. 1967). Messmer et al . (1986b) 
water for Canada geese. 
Effects of emergent vegetation height above structure 
Vegetation heights, both residual and new growth, 
above the structure had a significant (P < 0.0 5) influence 
on waterfowl use of baskets. New vegetation heights also 
showed importance with analysis of variance (F=4 . 70). 
Baskets which had new growth vegetation heights �0 . 7  m above 
the structure in July had been used significantly more than 
those with 50.6 m of new growth (37.5% of 40 vs . 19.7% of 
183, x2=5.91 , df=l). 
No differential use was indicated with the residual 
vegetation heights above the structures, yet 98% of 51 
baskets used had residual vegetation heights of <0.4 meters 
above the top of the basket. 
The use of baskets with vegetation growth extending 
above the top suggests that some protective cover is 
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preferable to no cover during the entire nesting season, and 
considering that some deterioration will occur over winter, 
any taller new growth around a basket in summer would still 
likely provide some residual cover above a basket the 
following spring. 
Effects of Plant Species 
Percentages of open water or certain dominant plant 
species (cattail, bulrush spp., river bulrush, whitetop, 
sedge, smartweed, burreed, phragrnites (Phragmites 
australis), foxtail barley (Hordeum jubatum), bare ground, 
or "other" (upland plant species) within a 1. 8 m (6 ft) 
radius of the basket in July were compared with respect to 
basket use. When looked at singly, the percentages of open 
water and bulrush spp. within a 1.8 m (6 ft) radius of the 
basket had a significant influence on its use by ducks and 
geese as determined by stepwise discriminant analysis (P < 
0.05). Though differential use was not shown, of the 51 
baskets used, 78.4% were used when >75% of the 1.8 m (6 ft) 
radius was open water and 94.1% were used when 0% bulrush 
spp. was present within the 1.8 m (6 ft) radius around the 
structure. 
Effects of plant species coverage 
When basket use was compared to the individual 
percentages of open water and emergent vegetation coverage 
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by the dominant species (cattail, bulrush spp. , river 
bulrush, whitetop, sedge, smartweed, "other" (upland plant 
species) ) in the total basin area with stepwise discriminant 
analysis, significance was shown (P < 0.05) by open water 
and by 5 plant species. The percentages of open water and 1 
plant species (river bulrush) were also important in 
analysis of variance (F=9.68 , F=7. 71, respectively) . 
Baskets were used more in wetlands with 550% open 
water (34.94% of 83) versus those in wetlands with �50% open 
water (16.3% of 141) (x2=10 . 17, df=l, P < 0.005) . River 
bulrush, whitetop, sedge, smartweed and "other" (upland 
plant species) appeared to influence the use of the baskets 
by nesting waterfowl. Though differential use was not 
established for these plant species, baskets were used in 
greater proportions in wetlands where these species did not 
comprise more than 5% of the wetland basin. Of the 51 
baskets used, 88.2%, 90.2%, 100%, 96.1%, and 86.3% were used 
when river bulrush, whitetop, sedge, smartweed and "other" 
made up less than 5% of the wetland basin, respectively. 
Though the percentage of cattail coverage in the wetland did 
not show any influence on waterfowl nesting, differential 
use was indicated. Nests were more likely to be found on 
baskets where the wetland vegetation was predominantly 
cattail (75-100%) rather than between 0-25% or 25-75% 
cattail (40.0% of 50 vs. 19.4% of 134 vs. 15.0% of 40, 
x2= 10.51, df=2, P < 0.01) . 
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Most authors agree that baskets should be placed in 
openings of good, but not heavy, stands of cattails or 
emergent bulrush (Doty et al. 1975, Bishop and Barratt 1970, 
Lee 1982, Marcy 1986, Messmer et al. 1986a&b, Bjarvall 
1970) . Baskets in open, large bodies of water are used by 
nesting waterfowl but the risk of wave and ice damage 
increases (Bishop and Barratt 1970) . If nesting hens select 
structures on the basis of wetland vegetation 
characteristics, the attraction to or avoidance of 
structures in combination with cattails and scattered 
openings of water may be explained by the macroinvertebrate 
availability and the life forms of the vegetation. 
Courcelles and Bedard (1979) found that both adults and 
broods of dabbling ducks in Quebec, Canada, preferred broken 
cattail stands. They related this to the high macro­
invertebrate availability on Ceratophyllum demersum and 
Lemna trisulca that are found in association with cattails 
(Krull 1970) . cowardin et al . (1985) found that Scirpus 
spp. and Typha spp. were important life forms in marsh 
nesting. They found that of the 23 (16%) mallard nests 
found in wetlands, 34% (n=8) were located in � - acutus, 17% 
(n=4) in Typha, and 13% (n=3) in � - fluviatilis. 
None of the 33 variables tested with stepwise 
discriminant analysis appear to have influenced waterfowl 
nesting success on baskets. 
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Production 
The production of ducks and geese from baskets £or 
both years combined equalled 180 ducklings and 59 goslings 
for a total of 239 or 1. 08 young/basket (81 ducklings and 27 
goslings/100 baskets) . 
waterfowl Production On Bales 
During 1986 and 1987, a total of 185 ducks and geese 
nested on 405 round bales (Table 4) . Percent use and 
nesting success by ducks and geese were not significantly 
different between years (46. 3% vs. 45.0%) and (31. 6% vs . 
40. 0%) respectively, (P > 0. 05) . Duck use averaged 40.1% 
(n= 163) and was comprised of 41. 1% (n=67) mallards, 41. 7% 
(n=68) redheads, 8. 5% (n= l4) ruddy ducks, 3. 0% (n=5) 
gadwalls , 2. 4% (n=4) northern shovelers , 1. 2% (n=2) lesser 
scaups, and 1. 83% (n=3) unknown duck species. Canada geese 
occupancy rates averaged 5. 5% (n=22) on bales. 
For bales monitored consecutively in both years, 
increases of occupancy rates were evident for geese but not 
for ducks. Canada geese used 3. 9% of 205 bales in 1986 and 
5. 6% of 180 in 1987. Ducks used 42. 4% of 205 bales in 1986 
and 38. 9% of 180 in 1987. With ducks and geese combined, 
46. 3% and 44. 4% of the bales were used in 1986 and 1987, 
respectively. In Canada, Giroux et al. (1982) reported an 
increase in goose occupancy rates from 16% to 
38% for the first 2 years. In California, Rienecker 
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found increases in goose occupancy rates on 6 different 
structure types. During his 4 year study, rates increased 
from 15% in the first year to 35% in the second year, to 44% 
in the third, and to 53% in the fourth year. 
Nesting success on my bales averaged 28. 9% for ducks 
and 83. 9% for geese. The fates of the 116 unsuccessful duck 
nests were attributed to 12 . 9% abandonment, 79. 3% destroyed, 
0. 86% nonviable, and 6 . 0% unknown. With ducks and geese 
combined, percent use and nesting success on bales averaged 
45. 7% and 35 . 8%, respectively (Table 4). 
Most studies of waterfowl use and success on round 
bales have been primarily of nesting Canada geese. However, 
some reports of ducks nesting on bales are available. 
Giroux et al. (1982) found ducks used 7% of 496 straw bales, 
with no reported success rates, whereas Canada geese use was 
22% and nesting success was 85% during 1977-79 in the 
Canadian provinces of Alberta, Saskatchewan, and Manitoba. 
Seventy-seven percent of the duck nests in their study was 
comprised of mallards . In another Canadian study, Barnard 
(1984) found ducks used 2% of 1, 303 bales during 1981-83 
whereas Canada goose occupancy rates averaged 23 . 2% of 2, 472 
bales during 1978-83 and nesting success was expected to 
reach 80-85% for c .  geese. In North Dakota Johnson et al. 
(1985), and in Canada Jelinski (1980) reported ducks using 
round straw bales intended for nesting geese. Rienecker 
(1971) reported a goose nesting success of 98% (n=104) on 
elevated bales and platforms in California. 
Egg hatchability 
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Egg hatchability on bales averaged 77.0% of 245 duck 
and goose eggs (80.0% of 20 1 duck and 71.5% of 44 goose 
eggs) over the 2 years (Table 4) . Overall egg hatchability 
was lower on bales than on baskets (77. 0% vs . 88.2%) . 
Effects of structure placement 
Location of structures can play an important factor 
in determining bale occupancy rates (Rienecker 1971) . Of 
the 33 variables tested for independence with stepwise 
discriminant analysis, 4 variables (water depth, structure 
angle, percent burreed surrounding bale, and percent sedge 
in the wetland) showed significance (P < 0.0 5) in 
influencing bale use by ducks and geese. These 4 
significant variables also showed significance (P < 0. 05) 
with analysis of variance . 
In this study, bale use by ducks and geese was 
influenced by water depth, structure angle, percent burreed 
within a 1.8 m (6 ft) radius of the bale, and the percent 
coverage of sedges (Carex spp.) in the wetland basin. Water 
depth was important in influencing use by ducks and geese (P 
< 0.05) (F=77.40). Most bales were used at a water depth of 
0. 6-1.0 m (58.5% of 224) as compared with depths of 1.1-1. 4 
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m (46.2% of 39) or 0.0-0.5 m (2 1.9% of 178, x2=54.46, df=2, 
P > 0.005) . Giroux et al. (1982) recommended a minimum 
water depth of 40  cm for straw bales and rock islands. 
Messmer et al. (1986b) suggested 0.3 to 0.6 m (1 to 2 ft) , 
while Barnard (1984) and Rienecker (197 1) suggested depths 
of l m and 76.2 cm (30 in) , respectively. 
Bale angle affected waterfowl use of bales 
significantly (P < 0 . 05) (F=42.2 1) . Bales on end in a 90 
degree upright position were used more than those that were 
tilted at a 45 degree angle or those which had fallen on 
their sides (48 . 5% of 204 vs. 34.5% of 29 vs . 18 . 4% of 103, 
x2=26.44, df=2, P < 0.005) . Nesting success, however, was 
not influenced by bale angle (P > 0.0 5) . Messmer et al . 
(1986b) , Barnard (1984) and Giroux et al. ( 1982) have 
suggested bales be placed in an upright position. Giroux et 
al. (1982) found flax bales were used most often in an 
upright position (P < 0 . 05) but wheat bales were used more 
than flax bales when positioned on their sides (P < 0 . 01) . 
They found no difference in preference when both bale types 
were placed on end (P > 0.05) . Miller and Collins (1953) 
suggested that the top of a bale may offer a more secure 
nest site to nesting waterfowl than the rounded side. 
Though height above water and distance to shore did 
not significantly influence bale use (P > 0.05) , there was 
differential use at different heights and distances which 
can be taken into consideration when installing bales . More 
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bales were used when 0. 6-1 . 0 m of the bale was exposed above 
the waterline (63. 2% of 209) than if less than 0. 6 m or more 
than 1. 0 m of the bale was exposed (31. 2% of 77 at o. o-0. 5 m 
vs. 20. 6% of 155 at 1. 1-2. 0  m, x2=70. 78, df=2, P < 0 , 005). 
Both Johnson et al. (1985) and Messmer et al. (1986b) 
recommend that no more than half of a bale be under water. 
Bales were used more between 41-80 m than between 81-200 or 
0-40 m from shore (57. 8% of 10 2 vs. 52. 5% of 97 at 81-200 m 
vs. 32. 2% of 242 at 0-40 m, x2=24. 28, df=2, P < 0 . 005). 
These ranges of distances from shore used by nesting 
waterfowl in this study are comparable with the ranges 
suggested by others . Giroux et al. (1982) suggested bales 
should be placed 45 m from shore, Messmer et al. (1986b) 
suggested 46 m (150 ft), and Rienecker (1971) suggested 
15. 2-91. 5 m (50-300 ft) from shore. Distance to shore, 
though not significant with stepwise discriminant analysis, 
did show differential success at the 0. 10 level of 
significance with 2-way contingency tables . Nests were more 
successful on bales located between 21-80 m from shore 
(42. 2% of 116 vs. 27. 5% of 51 at 81-200 m vs. 23. 8% of 21 at 
0-20 m, x2=4. 92 , df=2} .  
Though bale use and success were not significantly 
influenced by distance to closest structure (P > 0. 05) 
through stepwise discriminant analysis, significant 
differential use was shown. Those bales used most were 
located >400 meters from neighboring structures, regardless 
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of structure type (67. 7% of 31 at >400 m vs. 46.7% of 15 at 
201-400 m vs. 40.5% of 395 at 0-200 m, x2=8.82, df=2, P- < 
0.005) . Most successful nests occurred on structures placed 
between 200 to 400 m apart or more, rather than those placed 
< 200 m apart (60.7% of 28 vs. 33.1% of 160, x2=7.76, df=l) . 
Barnard (1984) and Giroux et al. (1982) recommended 100 m 
between bales, Messmer et al. (1986b} 91 m (100 yd) , and 
Rienecker (1971) 61 m (200 ft) between various structures. 
There are exceptions to nest distribution and 
distances between structures. I found 3 incidences of ducks 
nesting on the same bale simultaneously as well as many 
incidences of nesting occurring on structures placed much 
closer than 400 m; some were as close together as 8. 9 m. 
Johnson et al. (1985) also found different species nesting 
simultaneously on bales and Rienecker (1971) found no 
adverse effects when geese nested on structures placed 
closer than 61 m (200 ft) to each other. 
Effects of emergent vegetation height above structure 
In contrast to baskets, the height of residual and 
new growth heights above bales did not significantly (P > 
0.05) affect waterfowl use on bales. 
Effects of plant species 
Though not significant (P > 0.05) with stepwise 
discriminant analysis, percentages of and distances to open 
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water around a bale appeared to cause differential use of 
bales by waterfowl. Bales were more likely to be used where 
25-75% of the 1. 8 m (6 ft) radius was open water as compared 
to those with < 25% or >75% water (60 . 6% of 132 vs. 29. 4% of 
187 vs. 45. 5% of 112 , x2=31. 04, df=2 , P < 0. 005) . Bales 
placed directly in openings of water or with trails and easy 
access to open water were used more than those with 
distances of 1-20 m or >20 m to open water (52. 8% of 299 vs. 
29. 0% of 86 vs. 8. 93% of 56 , x2=45. 2 2 , df=2 , P < 0. 005) . 
When looked at singly , percentages of dominant plant 
species (cattail , bulrush spp. , river bulrush , whitetop , 
sedge , smartweed , phragmites , foxtail barley , "other" 
(upland plant species) ) within a 1. 8 m (6 ft) radius did not 
significantly influence bale use (P > 0. 05) .  However , the 
percent of burreed surrounding the bale was significant in 
influencing bale use with both stepwise discriminant and 
analysis of variance (P < 0. 05) (F=4. 61) . Though 
differential use could not be determined between bale use 
and percent burreed , most bales (95. 6% of 185) were used 
when �25% of the area within a 1. 8 m (6 ft) radius was 
comprised of burreed by July. Significant differential 
(P < 0. 05) use could be determined for smartweed and 
"other" (upland plants) though their influence on bale use 
was not significant with stepwise discriminant analysis. 
More bales were used when >25% ,  as compared with �25% , of 
the area surrounding the bale was smartweed (70. 6% of 17 vs. 
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42.0% of 414 at 525% , x2=5. 43 , df=l) . The percentage of 
"other" (upland plants) within the 1. 8 m (6 ft) radius of 
the bale a lso indicated significant differential  (P < 0.005) 
use by waterfowl. More bales were used where 525% of the 
bale was surrounded by this group of plants as compared to 
bales with > 25% upland plants within the 1.8 m (6 ft) radius 
(48.8% of 365 vs. 9.1% of 66 , x2=30.60 , df=l} .  
Differential  success of nests on bales appeared to 
be influenced by the percentage of whitetop surrounding the 
bale. More nests were successful on bales surrounded by 25-
100% whitetop as compared with those surrounded by <25% 
whitetop (61.5% of 13 vs. 34. 7% of 173 , x2=3.76 , df=l, P < 
0.10) . Messmer et al. (1986b) and Giroux et al . (1982) 
suggested placing bales near vegetation such as bulrush and 
cattail stands. 
Effects of pl ant species coverage 
When bale occupancy rates were compared with the 
individual  percentage coverage of dominant vegetation 
species in the wetl and basin , the percentage of sedges was 
important in bale use but not percent coverage of water , 
cattail , bulrush spp. , river bulrush , whitetop , smartweed or 
"other" (upland plant species) with both stepwise 
discriminant and analysis of variance (P < 0.05) (F=9. 62 } .  
Bale use was greater in wetlands when sedges dominated 
(>25%) the wetl and as compared to wetlands with little sedge 
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growth (�25%) (73.7% of 38 vs. 39.7% of 403, x2= 16. 40, df=l, 
P < 0.005). The percentages of whitetop and burreed in the 
wetlands, though not significant with stepwise discriminant 
analysis, did indicate significant differential use of bales 
with 2-way contingency tables. More bales were used in 
wetlands where 51-100% of the basin was comprised of 
whitetop in comparison with wetlands comprised of 31-50% or 
0-30% whitetop (53. 9% of 89 vs. 47 . 8% of 92 vs. 36. 5% of 
263, x2=9. 71, df= 2, P < 0.0 1) . Bales were also found to 
show differential use when compared to the percent coverage 
by burreed in the wetland. More bales were used when 0-30% 
of the basin was covered by burreed rather than 31-75% or 
76-100% burreed coverage (45.6% of 377 vs. 34. 6% of 26 vs. 
18. 4% of 38, x2= 11. 17, df= 2, P < 0. 005) . 
Production 
The production of ducks and geese from bales was 
greater than the total number produced from baskets, 
however, the number of young produced per bale was less than 
the number of young produced per basket. Two hundred and 
fifty-six ducklings and 71  goslings were hatched from bales 
for a total of 327 young or 0.81  young/bale (63 ducklings 
and 17 goslings/100 bales) . 
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Waterfowl Production On culverts 
Due to the small sample size of culverts (n=20 } and 
only one year's data collection, statistical analysis was 
not performed among variables and waterfowl nests on 
culverts. Culverts, however, appear to be promising as a 
long-lasting, low maintenance nesting structure. 
Two of 20 culvert structures (10%) were used by 1 
mallard and 1 northern pintail in the summer of 1987 and 
both nests hatched (100%) (Table 5) . A Canada goose used 
one culvert structure , but abandoned the nest after 4 eggs 
had been laid. With ducks and geese combined , first year 
use of culverts was 15% and nesting success was 66. 7%. 
Egg hatchability 
Hatchability of 17 eggs in successful nests on 
culverts was 100%. Higgins et al. (1986) reported a 100% 
nest success of 13 mallard and C. goose nests and an egg 
hatchability of 99. 5% for duck eggs and 78. 6% for goose 
eggs on a single culvert in North Dakota. Nests were found 
each year from 1972 through 1985, except during 1974 when no 
nesting occurred. 
Effects of structure placement 
Several general statements can be made in regard to 
culvert placement. The 3 structures that were used by 
nesting waterfowl were 18 . 0-31.2 m from shore , at depths of 
Table 5. Culvert use and nesting success by ducks and 
C. geese in 1987 (n=20) . 
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SPECIES NO. NESTS %SUCCESS (N) %USE %HATCHABILITY 
Mallard 1 100. 0 (1) 5. 0 100 
N. Pintail 1 100.0 (1) 5. 0 100 
subtotal 2 100. 0 (2) 10. 0 100 
c .  geese 1 0. 0 5. 0 
TOTAL 3 66. 7 (2) 15. 0 100 
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0.6-1.0 m, with 0.6-0.8 m clearance above the water surface, 
at a 90 degree vertical angle, and in open water with 
distances to cattail emergent cover of 1-10 m. One culvert 
was used with a distance of 132. 8 m separating it from the 
next closest structure while 2 structures were used with at 
least 450 m separating them from other structures. 
Production 
The production of young from 20 culverts equalled 17 
ducklings or 0 . 85 ducklings/culvert (85 ducklings/100 
culverts. 
ARTIFICIAL NESTING STRUCTURES VERSUS 
UPLAND NESTING SUCCESS 
In comparison with upland nesting success rates of 
8-30% found in recent duck nesting studies (Cowardin et al . 
1985, Lee 1982, Johnson et al. 1978, Higgins 197 7, Doty et 
al . 1975) , artificial nesting structures can result in much 
higher rates of success . Upland duck nesting studies 
conducted in eastern South Dakota prior to or concurrently 
with mine resulted in a Mayfield nesting success of 30% on 
GPA ' s  in 1985 and 1986 (G. Simpson, pers. cornmun.) . During 
the summer of 1987, an upland duck nesting study in eastern 
South Dakota showed a Mayfield nesting success of 30% for 
231 duck nests (D. Kemner, pers. cornmun . ) .  The average duck 
nesting success on baskets and culverts (63.8% and 100%, 
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respectively) greatly surpassed that of ground nesting birds 
(30%) , with the average nesting success on bales (28. 9%) 
being comparable. 
Canada goose studies in eastern South Dakota during 
1985 and 1986 reported nesting success rates of 72.9%, 
84.2%, and 50% for natural islands, artificial islands, and 
ground/peninsula nest sites, respectively (Paul Mammenga, 
pers. commun.) . In my study, Canada goose nesting success 
in baskets and bales (84. 5% and 83. 9%, respectively) 
surpassed or were comparable to these results . 
STRUCTURE USE AND SUCCESS BY WETLAND CLASS 
No significant difference (P > 0. 05) was found 
between use and nesting success of each structure type 
within wetland classes. However, when use of all structure 
types was combined and compared with wetland classification, 
more structures were used in seasonal wetlands than in 
semipermanent or permanent type wetlands (46.6% of 118 vs. 
36.7% of 472 vs. 20.5% of 73, x2=13.19, df=2, P < 0.005) . 
studies of wetland use by breeding pairs (Stewart and 
Kantrud 1973, Ruwaldt et al. 1979) and broods (Duebbert and 
Frank 1984) indicated that seasonal and semipermanent type 
wetlands are the types most used. Nesting hens possibly 
select structures which are located in these preferred 
wetlands. 
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When use and nesting success between baskets and 
bales were compared among different wetland classes, I found 
that bales in semipermanent wetlands were more likely to be 
used than baskets when both are available (44.3% of 298 vs. 
24.2% of 157, x2= 17.74, df=l, P < 0.005) , but nests on 
baskets were more successful (71. 1% of 38 vs. 39. 4% of 132, 
x2=11.89, df=l, P < 0. 005) . 
EFFECTS OF SURROUNDING LAND USE ON STRUCTURE USE 
The second objective of this study was to determine 
if there was a difference in waterfowl use of structures 
between areas of high agricultural use as compared with 
areas of low agricultural use. Structure use by waterfowl 
was compared to percentages of tilled and untilled (idle and 
grazed) acreages within a 1 . 6  km (1  mi) radius of each 
wetland. 
Baskets 
Basket use was significantly influenced by the 
absence of tilled and grazed grassland acreage within a 1. 6 
km (1 mi) radius of the wetlands (P < 0.05) with stepwise 
discriminant analysis. Though differential use was not 
shown to be significant, 56 . 9% and 98% of 51 used baskets 
were in wetlands surrounded by S50% tilled and grazed 
grassland acreage, respectively, within the 1. 6 km (1 mi) 
radius. 
Bales 
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Bale use was not significantly influenced by the 
percentage of tilled and untilled acreage around the 
wetlands (P > 0.05) . However, the absence of tilled acreage 
did cause significant differential use of the bales (P < 
0. 05) .  More bales were used in wetlands with �50% tilled 
acreage within a 1.6 km (1 mi) radius (49.4% of 160 vs. 
38. 8% of 281, x2=4.67, df=l ) .  
culverts 
Culvert use and its relationship to surrounding land 
use could not be tested. However, those used were located 
in wetlands with �75% tilled and �25% grazed acreage. 
The effects of man's influence on wetland basins and 
surrounding habitat is great. Turner et al. (1985) found 
that an average of 58.9% of the basins and 79.2% of the 
margins were degraded in the Canadian prairies during 1981-
1985 due to haying, grazing , burning, draining, filling, 
clearing, or cultivation. Dwyer (1970) found dabbling ducks 
used potholes in nonagricultural areas in Canada more than 
in agricultural areas due to the better nesting habitat 
whereas diving ducks used agricultural ponds more. He also 
determined more broods, both of dabbling and diving ducks , 
utilized the nonagricultural areas. 
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Depending on intensities, grazing can harm or 
benefit waterfowl populations (Bue et al. 1952, Salyer 1962, 
Kirsch 1969, Mundinger 1976, Kirsch et al. 1978). 
Thus, it appears structures are more likely to be 
used in wetlands where the surrounding land is less impacted 
by agricultural practices. This could be due to a larger 
existing waterfowl population which is available to nest on 
artificial nesting structures in these areas. 
EFFECTS OF SURROUNDING LAND USE ON NESTING SUCCESS 
Nesting success on structures was not related to the 
percentage of tilled or untilled acreage within a 1.6 km (1 
mi) radius of wetlands (P > 0. 05). 
STRUCTURE DENSITY 
The ideal density of structures per wetland is not 
known. In my study, structure densities, without regard to 
structure type, ranged from 1 structure per 0.25 ha to 1 per 
384.6 ha. The least number of structures per wetland was 1 
for a 0. 4 ha pothole. The greatest number of structures per 
wetland was 48 bales and 1 basket in a 104.7 ha marsh. The 
majority of wetlands (50.6% of 154) had a structure density 
of less than 1 structure per 5 ha, while 17.5%, 14.9%, and 
16.9% of the wetlands had densities of 1 structure per 5. 0 
to 10.0, 10.0 to 20.0, and 30. 0 to 400.0 ha, respectively. 
In wetlands with many structures (31-50) , structure use by 
waterfowl was higher than wetlands with 1-20 or 21-30 
structures (45% of 104 vs. 31.3% of 516 vs. 43.6% of 55, 
x2=9.49, df=2) .  In Sweden, Bjarvall (1970) found more 
baskets were used when more than 10 baskets were available 
per wetland. 
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Three areas, located in Edmunds and McPherson 
counties, which had the largest number of bales in a 
wetland, indicated that high nesting densities were 
possible. In 1986, 16 nests were found on 30 bales (1 
nest/3.9 ha) on a 62.8 ha marsh. In 1987 the number of 
structures was reduced to 22 bales and 8 nests were found (1 
nest/7 . 9  ha) . In 1986 13 nests were found on 19 bales in a 
19.1 ha marsh (1 nest/1.5 ha) . This area supported 7 nests 
(1 nest/2.7 ha) in 1987. A 104.7 ha marsh had 48 bales on 
which 19 nests were found in 1986 (1 nest/5.5 ha) . In 1987 
the number of bales decreased to 44 and 28 nests were found 
(1 nest/3.7 ha) . Nesting success on these wetlands in South 
Dakota ranged from 14 to 36.8%. In comparison, Bishop and 
Barratt (1970) found nest densities of 1 nest per 0.6, 1.3, 
and 1.0 ha (1.5, 3.2, and 2.6 ac) for baskets on 3 areas in 
Iowa. 
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MULTIPLE USE 
Instances of structures having been used by several 
nesting hens during each season affected structure occupancy 
rate� (Figure 6) . Two separate baskets were used twice 
during each season in 1986 and 1987. Therefore a more 
accurate basket occupancy rate in 1986 would be 
25. 0%  (17/68) rather than 26.5% (18/68) and in 1987 a 20. 8% 
(32/154) rate rather than the 21.4% (33/154) as shown in 
Table 3. 
Thirteen bales in 1986 were used 2 times and 2 bales 
were used 3 times in the same season by various species. 
Thus, the percentage of bale use was 37. 1% (76/205) rather 
than 46.3% (95/205) (Table 4) . During 1987 14 bales were 
used 2 times and 1 bale was used 3 times. Thus, use was 
36. 5% (74/200) rather than 45.0% (90/200) as shown in Table 
4. For both years combined occupancy rates would be 22. 1% 
(49/222) and 37. 0 %  (150/405)  for baskets and bales, 
respectively. 
Multiple use in baskets has been reported by others 
(Lee et al. 1967, Sidle and Arnold 1982) . In both of these 
papers, the second or additional attempts were treated as 
additional structure use thereby obtaining a larger 
occupancy rate. I also prefer using this method of dividing 
the total nests by the total structures available. This 
method gives the general occupancy rates of structures 
Figure 6 .  �1ultiple use o f  a round bale ( red head 
ne st lower left, mallard nest upper 
rieht) . 
\..n 
..i:-
5 5  
without having to record use histories for each structure. 
Knowing which structures are being used repeatedly is useful 
only if one plans to move those structures that are 
consistently not used over time. 
NESTING MATERIAL AND DECOMPOSITION RATES 
Baskets 
Choice of nesting materials can be an important 
factor when constructing artificial nesting structures. In 
this study, 206 baskets were filled with flax straw nd 16 
were filled with prairie grasses. waterfowl nested in 32. 5% 
of the baskets with flax straw and 6.3% of the baskets with 
prairie grasses for both years combined. Doty et al. (1975) 
found that baskets filled with barley straw or smooth brome 
hay were used more than those with flax straw (P < 0.01) . 
Occupancy rates, however, were not found to be significantly 
different between wild hay and flax straw (P > 0.10) and 
when only flax straw was provided it proved adequate and 
lasted longer in their study. 
I ranked nesting material condition as excellent, 
good, and poor. During 1986 and 1987 waterfowl selected to 
nest in baskets with nesting material in at least good 
condition (22.5% of 200 excellent and 85.7% of 7 good) . 
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Bales 
Round bales (405) w�re composed of  wetland emergents 
(n=330) , prairie grasses (n=53) , and flax straw (n= 2 2) 
materials. Waterfowl showed no preference (P > 0. 05) for 
nesting among the available material types in bales. The 
effects of material condition classes for nesting on bales 
could only be tested between prairie grasses and wetland 
emergent vegetation. Prairie grass bales received no 
preferential use by nesting waterfowl between excellent and 
good condition bales (P > 0 . 05) but there was a preference 
(P < 0 . 10) by waterfowl among material condition classes for 
wetland emergent bales (44. 5% of  18 2 excellent vs. 49.2% of 
120 good vs. 30. 9% of 35 poor, x2=5. 14, df=2) .  
As bales age, manipulation of  the nesting material 
by waterfowl becomes easier . Giroux et al. (198 2) found 
that material compactness of bales affected use by nesting 
Canada geese. They found no preference by nesting waterfowl 
between flax straw and wheat straw bales when both types 
were in the upright position. However, more wheat straw 
than flax straw bales were used when bales were placed on 
their sides (P < 0. 01) . Since wheat straw bales are less 
compact than flax straw bales, nests could be built more 
easily on their sides. The tightness of  the flax straw 
bales limited Canada goose nesting to the bale ends . These 
limitations also appear to be true with ducks. 
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culverts 
Since culverts were only monitored during one 
season, evaluations were restricted on the affects of 
nesting material and condition on waterfowl nesting. 
However, all culverts had to be resupplied with flax straw 
by 10 April 1987 after initial supplies of wheat straw were 
blown away by spring winds. The fates of the 3 nests did 
not appear to be affected by the condition of the materials. 
Causes of material decomposition 
Deterioration of structure materials was due 
primarily to weathering, wave action on the marshes, and 
muskrats (Ondatra zibethicus). Between 1986 and 1987, 1. 5% 
of 68 baskets were lost due to ice action and 12.2% of 205 
bales were destroyed by wave action and foraging by domestic 
cattle. Between 1987 and early spring of 1988, 100% of the 
baskets and 93.4% of the bales were still available for 
nesting, but most were in slightly poorer condition. 
Barnard (1984) found 11. 1% of bales in the parklands of 
Canada had disappeared by spring of their installation year 
due to the effects of deep water and ice action. Bale 
deterioration rate depends on bale material. Though I was 
unable to test the effects of material type and structure 
angle on material deterioration, Giroux et al. (1982) found 
that wheat bales deteriorated faster than flax straw bales 
(P < 0. 005). Wheat straw bales usually lasted 2 years 
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whereas flax straw bales lasted up to 4-5 years . Giroux et 
al. (1982) also found bale position did not influence bale 
deterioration rate (P > 0. 05). 
Muskrat populations also affect deterioration rates 
of bales (Barnard 198 4, Giroux et al. 1982) (Figure 7). 
During my study, lower regional water levels in 1987 
apparently forced muskrats from smaller, shallower marshes 
into the deeper marshes where most of my bales had been 
placed. Muskrats did not begin burrowing activities in 
bales until later in the season. Thus, muskrat burrowing 
did not disturb nesting by waterfowl, but their activities 
obviously decreased the life expectancy of the bales. 
Even bales in poor condition are still beneficial as 
nesting structures because as they deteriorate and fall 
apart they provide easier nesting access for ruddy ducks as 
well as providing loafing sites for many other species of 
marsh wildlife (Figure 8) . 
During 1987 when culverts were monitored, no signs 
of deterioration were detected . Instances of culverts 
having tipped over, which would negate waterfowl use, did 
not occur in my study. 
NESTING BY OTHER BIRD SPECIES 
In 1986 a ferruginous hawk (Buteo regalis) and an 
American coot nested on bales. The coot successfully 
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hatched but the hawk nest was destroyed by a predator. 
In 1987 another coot nested on a bale and it also 
hatched successfully. An eastern kingbird (Tyrannus 
tyrannus) selected a basket as a nest site and laid 3 eggs 
but the nest was abandoned, most likely due to investigator 
disturbance. Giroux et al. ( 198 2) also found bird species 
other than waterfowl nesting on bales and rock islands. 
These included a common tern (Sterna hirundo) and a killdeer 
( Charadrius vociferus) . 
PARASITISM 
Parasitism, both inter- and intraspecific types, 
occur when one or more ducks lay eggs in another duck ' s  
nest. Nest parasitism in my study only occurred in nests on 
bales. Of 185 nests on bales during 1986 and 1987, 27% of 
the duck and 0% of the Canada goose nests were parasitized. 
On bales, 32% of the 50 parasitized nests hatched 
successfully in comparison to 37% success of 135 
unparasitized nests. Redheads were responsible for 
parasitizing 74% of the 50 parasitized nests, ruddy ducks 
12%, and unconfirmed species 14%. Mallards had 26. 5% (n=68) 
of their nests parasitized with a success of 44% (n= 18) 
compared to 30. 9% of 68 redhead nests with a success of 19% 
(n=21) or 50% of 14 ruddy ducks with a success of 43%. 
Redheads parasitized nests of mallards, ruddy ducks, other 
redheads, gadwalls, and northern shovelers. Ruddy ducks 
only parasitized nests of redheads and other ruddy ducks. 
The percentage of parasitism in this study is 
comparable to other studies under natural conditions. 
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Giroux (1981) reported that 19% of 685 nests on islands in 
Alberta were parasitized by redheads. In his study, 
parasitism occurred in 31.5% of the mallard nests, 10.9% of 
the gadwall nests, and 25.0% of the northern shoveler nests . 
Joyner (1976) reported parasitism in 35.9% of  802 nests in 
Utah of which 79. 2% (n=228) was by redheads, 9. 0 %  (n=26) was 
by ruddy ducks and 11. 8% (n=34) was by both species. Joyner 
(1976) also found parasitism had little effect on rates of 
abandonment or clutch size but egg hatching success was 
significantly reduced (P < 0.05). In North Dakota, Talent 
et al. (1981) found that redhead parasitism of mallard nests 
occurred before the onset of incubation resulting in 
reductions in mallard ovulation rates and clutch sizes. 
Parasitism can affect clutch size and egg success 
but has little affect on overall nest success. In my study 
only nests located on bales were subjected to the possible 
detrimental effects of parasitism. 
PRODUCTION 
Production of young ducks and geese from each 
structure type was determined by subtracting the number of 
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eggs remaining from the total clutch number and adding the 
average clutch size of successful nests for each 
successfully terminated nest for each species. For all 
structures and for both years combined, 583 young were 
produced or 0.90 young/structure ( 90 young/100 structures). 
The production of young from baskets and bales can 
be related to the significant difference in use and success 
between the 2 structure types. Use between baskets and 
bales by all nesting species was significantly different for 
each year and for both years combined ( 43.3% of 224 bales 
vs. 26.1% of 69 baskets, x2=6.56, df=l; 41.9% of 2 17 bales 
vs. 2 1.9% of 155 baskets, x2=16.2 1, df=l, P < 0. 005, 1986 
and 1987 respectively). Bales were 1. 8 4  times more likely 
to be used as compared with baskets ( 42.6% of 441 bales vs. 
23. 2% of 2 24 baskets, x2= 24.28, df=l, P < 0. 005, both years 
combined). However, nests located on baskets were more 
likely to be successful as compared to nests located on 
bales for each year (72.2% of 18 nests in baskets vs. 32. 0% 
of 97 nests on bales, x2=10.42, df=l, P < 0.005; 64.7% of 34 
nests in baskets vs. 40.7% of 91 nests on bales, x2=5.74, 
df=l, 1986 and 1987 respectively). With data from both 
years combined it was 1. 86 times more likely that a nest in 
a basket would be successful as compared to a nest located 
on a bale ( 67. 3% of 52 nests vs. 36.2% of 188 nests, 
x2= 16.12, df=l, P < 0.005). 
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Due to the small sample size of culverts they could 
not be tested for their use or for their success as compared 
with baskets and bales. However, culverts can be included 
in an index of nesting values. When nesting success is 
multiplied by percent use and the number of young produced 
per structure, baskets indicated a nesting value of 0. 180 1 ,  
while bales and culverts gave nesting values of 0. 1325, and 
0. 0850 ,  respectively (Table 6) . 
COSTS 
Baskets 
Costs of structures differed considerably among 
types. Each basket, including pole and hardware, cost 
between $25. 00 and $35. 00 . Life expectancy of baskets is 20 
years or more but the nesting material in baskets usually 
needs replenishment every year, or at least every other 
year. Flax straw material usually lasts the longest due to 
its durability (Doty et al. 1975) . Basket installation by 
one person required approximately 30 minutes/basket. 
Bales 
Each bale, depending on the source , cost between $0 
and $ 15.00. Some additional cost is required if metal or 
plastic bands are used to bind the bales together more 
securely than with twine alone. Bale longevity was variable 
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Table 6. Comparison of average nesting values for baskets , 
bales and culverts. 
STRUCTURE 
TYPE 
Basket 
Bale 
Culvert 
% SUCCESS 
69. 5 
3 5 . 8 
6 6. 7 
% USE 
x 2 4 . 0  
x 4 5 .  7 
x 15 . 0  
YOUNG/STRUCTURE 
x 1 .  08  
x 0 . 81 
x 0 . 8 5 
= 
= 
= 
NESTING 
VALUE 
0. 1801 
0 . 1 3 2 5  
0. 0850 
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depending on the materials. Flax straw is generally 
preferred since it can last 4-5 years. Bales made of 
wetland emergents deteriorate fairly rapidly but they can be 
acquired free during dry years when wetlands are mowed or 
hayed according to a cooperative agreement. These 
structures usually need to be replaced every 2-3 years. 
Bale installation time is highly variable in relation to 
method and work conditions. If a bale is only placed on the 
ice, the amount of time it takes to drive onto the ice and 
unload the bale is all that is necessary. If the bale is 
placed through a hole cut in the ice, 30 minutes or more is 
required to install each bale. 
culverts 
Slightly damaged culverts were acquired free from 
the South Dakota Department of Transportation. A total of 
63.5 metric tons (70 tons) of gravel fill was purchased at 
$.90/metric ton ($1.00/ton) and 0.96 cubic meters (1 1/4 
cubic yd) of soil was purchased at $15.00. This was 
sufficient to fill 20 culverts. Straw was obtained free of 
charge. Some additional cost would be necessary if some 
vegetative seeding is done. Once vegetation is established, 
either artificially or naturally, culverts should not need 
any maintenance for several years. Higgins et al. (198 6) 
had 1 culvert used repeatedly, that required no maintenance 
for 13 years. Because of their weight and design, culverts 
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are not likely to tip over if installed properly and will 
last many years. Culverts offer a stable, long-lasting, 
possibly low maintenance nesting structure, though more 
research needs to be done. Culvert installation requires 
approximately l hour for all necessary steps when the 
appropriate equipment and number of personnel are available 
(Haworth and Higgins 1987). 
Depending on the group or agency's budget, these 3 
structure types offer some cost/benefit flexibility. 
Lokemoen (198 4) compared the economic efficiencies of 
several waterfowl management practices and he found that the 
cost/production benefit for nest baskets was midrange among 
costs of several management options for duck production . In 
the Dakotas, he calculated that each duckling fledged from a 
basket cost $8.54. This was more expensive than j ust 
predator management alone, predator control along with 
introduced cover, or electrical barriers along with 
introduced cover, and introduced cover and predator control 
in conj unction with electrical barriers. Those methods 
which were more expensive than nest baskets, in terms of 
cost per bird, included introduced grass-legume cover with 
no predator control, small rock islands, native grass 
plantings, man-made islands and impoundments or level ditch 
ponds used to attract breeding pairs. 
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SUMMARY AND RECOMMENDATIONS 
The installation of artificial structures is a means 
of protecting hens and their nests from some forms of 
predation. The type of structure and its placement are 
important factors to consider . 
Use of baskets averaged 24 . 0% of 222 baskets for 
ducks and geese and 23.4% for all nesting species. 
Mallards, Canada geese, redheads, northern shovelers, and an 
Eastern Kingbird readily used the structures. Nesting 
success averaged 69. 5% for ducks and geese with an overal l  
nesting success of 67. 3% for all species. Baskets were 1 . 86 
times more likely to produce a successful nest than bales . 
Baskets are fairly inexpensive and can last 20 years or 
longer. However, because of the reduced occupancy rate, 
more variables must be considered when installing baskets . 
Use of bales averaged 45.7% for ducks and geese and 
46.4% of 405 bales during the study for all nesting species . 
Mallards, Canada geese, redheads, northern shovelers, 
gadwalls, ruddy ducks, lesser scaups, American coots, and 
one Ferruginous hawk nested on the bales. Nesting success 
averaged 35. 8% for ducks and geese and 36. 2% for all nesting 
species. Bales were 1. 84 times more likely to be nested on 
as compared to baskets. This was probably due to their more 
natural state and similarities to muskrat houses. Bales can 
be acquired cheaply, but their longevity is estimated at 2-5 
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years. The attractiveness of bales to nesting birds allows 
less concern for habitat characteristics when bales are 
being installed. 
Culverts, as a third type of artificial nesting 
structure, showed promise. Culvert occupancy rates were 15% 
their first year. Three species, a mallard, a northern 
pintail, and a Canada goose, nested on the structures. 
Nesting success was 66.7%. More research needs to be done, 
yet culverts appeared to be stable, and offered a potential 
long-lasting, low maintenance structure. 
Generally, structures should be installed in water 
depths of at least 0.5 m ,  with 0.5 m between the waterline 
and the potential nest site, �40 m from shore, in an upright 
position, in open water with emergents such as cattails, 
sedges, or smartweed within 1.8 m (6 ft) of the structure as 
well as in the wetland. Two hundred meters should separate 
neighboring structures. Flax straw should be used as the 
nesting material for all structure types. This should be 
checked and replenished on a regular basis. Depending on 
wetland size, the number of structures installed per wetland 
can be quite high. 
The different structure types in the study have been 
shown to be attractive to various waterfowl species and have 
resulted in a higher nesting success than upland nest sites. 
Thus, artificial nesting structures appear to be one method 
of ensuring a high rate of nesting success for some 
7 0  
waterfowl species. Use of structures is encouraged by both 
the North American Waterfowl Management Plan {NAWMP) and the 
Central Flyway Management Plan { CFMP} which have been 
proposed in recent years. These plans are a cooperative 
effort to protect nationally and internationally important 
breeding and nesting areas and to encourage other methods 
which help to increase waterfowl populations. 
Future studies in the area of artificial nesting 
structures for waterfowl should continue. I suggest, 
however, for future studies that equal numbers of each 
structure type be available for nesting birds and placed as 
equitably as possible in similar habitats. The 
recommendations for site placement and characteristics found 
in this study should be tested. Wetlands with all 3 
structure types available, if the sample size is large 
enough, might provide insights into structure preference. 
Vegetation cover estimates and surrounding land use 
percentages could be improved by using methods other than 
visual estimation. 
Since the installation of artificial nesting 
structures is relatively easy and structures can be obtained 
inexpensively, not only public agencies, but sportmen ' s  
clubs, other private groups, and concerned individuals can 
become involved. With this effort, waterfowl populations, 
at least in local areas, may be able to increase in numbers 
for the enjoyment of all. 
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